iNTRoducTioN
Condensed distillers solubles (cdS), sometimes referred to as syrup, is the liquid that has been separated from the whole stillage that remains after ethanol distillation, followed by evaporation or condensation (Stock et al., 2000) . The CDS is either added to distillers grains to produce distillers grains plus solubles or can be marketed separately as a liquid feed high in fat. The amount of CDS added to distillers grains is mostly dependent on the ethanol plant's capacity to store the liquid CDS. When supply of CDS exceeds storage availability, CDS is available to livestock producers as a standalone feed ingredient.
Limited data are available on including CDS in finishing diets, especially at inclusions greater than 10% of diet DM. Rust et al. (1990) observed decreased DMI and improved G:F when steers were fed increasing amounts of CDS up to 20% diet DM. In 2 trials, Trenkle (2002 Trenkle ( , 2004 observed decreased or unchanged performance in finishing cattle consuming up to 8% or 12% CDS. However, finishing diets containing up to 6.9% dietary fat from byproducts have been fed with no detrimental effects on performance (Bremer, 2010) , suggesting greater inclusions of CDS may be acceptable. Most feedlots currently utilize some byproducts (Vasconcelos and Galyean, 2007) . Distillers grains plus solubles contain a relatively large amount of fat and average 11.9% ether extract (Buckner et al., 2011) ; however, wet corn gluten feed (WcGf) does not (Stock et al., 2000) . Therefore, CDS as a feed ingredient should be evaluated relative to corn replacement in finishing diets, but also when ABSTRAcT: Two experiments evaluated the effects of condensed distillers solubles (CDS) on performance and carcass characteristics of finishing beef cattle. In Exp. 1, 250 crossbred steers (initial BW = 355 ± 18 kg) were fed 0, 9, 18, 27, or 36% CDS (DM basis) which replaced a portion of urea and a 1:1 ratio of dryrolled corn (DRC) and high-moisture corn (HMC). Steers were divided into 3 BW blocks and were assigned randomly to 25 pens. Dietary fat increased from 3.7 to 9.4% as CDS inclusion increased from 0 to 36%. Intake decreased linearly (P < 0.01) as CDS increased. A quadratic response was observed for ADG (P = 0.01) and G:F (P < 0.01) with maximum gain calculated at 20.8% CDS and maximum G:F at 32.5% CDS inclusion, which was 12% more efficient than those fed 0% CDS. Experiment 2 was designed as a 2 × 4 factorial using 400 crossbred steers (initial BW = 339 ± 15 kg) evaluating 0, 7, 14, or 21% CDS (DM basis) in 2 base byproduct diets containing either 20% modified distillers grains plus solubles (MDGS) or 20% Synergy (a blend of wet corn gluten feed and MDGS). Steers were divided into 2 BW blocks and were assigned randomly to 40 pens. A tendency for a base diet × CDS inclusion interaction was observed for ADG, HCW, and final BW (P < 0.10). Gain increased linearly (P = 0.01) and tended to increase quadratically (P = 0.09) in MDGS diets, with maximum calculated ADG at 16% CDS inclusion. Inclusion of CDS had no effect on ADG in Synergy-based diets. Increasing CDS resulted in a linear increase in G:F (P < 0.01) regardless of basal diet. Condensed distillers solubles may be included in the diet at greater than 30% (DM basis) without other byproducts and improve animal performance. Likewise, CDS can be fed in combination with other byproduct feeds but with less improvement in performance. ◊ other byproducts are included already. Two experiments were conducted to determine optimum inclusions of CDS for ADG and G:F when fed as the sole byproduct in the diet or in combination with other byproducts.
mATeRiALS ANd meTHodS
All animal care and management procedures were approved by the University of Nebraska-Lincoln Institutional Animal Care and Use Committee.
Experiment 1
Two-hundred fifty crossbred, backgrounded steer calves (initial BW = 355 ± 18 kg) were utilized in a randomized block design and fed for 132 d. Cattle were received into feedlot pens and backgrounded on a common diet of 85% Sweet Bran (Cargill Corn Milling, Blair, NE), cottonseed hulls, and alfalfa hay. At initial processing, steers were vaccinated with a modified live virus vaccine for protection against IBR, BVD Types I & II, PI3, and BRSV (Bovi-Shield Gold 5; Zoetis, New York, NY) and vaccinated for prevention of Haemophilus somnus (Somubac; Zoetis), and injected with a paraciticide (Dectomax; Zoetis). Steers were also given an antibiotic injection at arrival (Micotil; Elanco Animal Health, Greenfield, IN). Approximately 14 d later, cattle were revaccinated with the same viral vaccine, and for prevention of pinkeye and clostridial infections (Piliguard Pinkeye + 7; Merck Animal Health, Summit, NJ) and with a Haemophilus somnus booster (Ultrabac-7 Somubac; Zoetis). After backgrounding, steers were limit fed the 85% Sweet Bran diet at 2.0% of BW daily to reduce variation due to gut fill (Watson et al., 2013) and then weighed on d 0 and 1 (Stock et al., 1983) , the average of which was used as initial BW. Cattle were blocked into 3 blocks by d-0 BW, stratified by BW within block, and assigned randomly to pen within strata. Light, medium, and heavy weight blocks consisted of 1, 3, and 1 replications, respectively. Pens were assigned randomly to 1 of 5 treatments with 10 steers per pen and 5 pens per treatment.
Treatments consisted of increasing levels of CDS (0%, 9%, 18%, 27%, and 36% of diet DM) replacing urea and a 1:1 blend of dry-rolled (dRc) and highmoisture corn (Hmc; Table 1 ). Cattle were adapted to final experimental diets over 21 d, as alfalfa hay was decreased from 45% to 7.5% and corn increased over 4 steps of 3, 4, 7, and 7 d in length, whereas respective CDS inclusion remained the same in both adaptation and finishing diets, depending on treatment. All finishing diets contained 7.5% alfalfa hay and 5% dry supplement, which was formulated to contain 33 mg monensin/kg of DM (Rumensin; Elanco Animal Heath) and provide 90 mg tylosin/steer daily (Tylan; Elanco Animal Health). Steers also received 130 mg of thiamine daily. Soypass (Borregaard LignoTech, Sarpsborg, Norway) was included in all diets from d 1 to d 40 to offset estimated predicted MP deficiency (NRC, 1996) . Soypass decreased from 2.33% to 1.92% of the diet DM as CDS increased from 0% to 36%. Urea decreased from 1.58% in the 0% CDS diet to 0.35% in the 36% CDS diet. The CDS was received and analyzed by load throughout the study, was blended from 2 sources (Nebraska Energy LLC., Aurora, NE and Southwest Iowa Renewable Energy, Council Bluffs, IA), and contained 30.0% DM, 21.9% CP, 19.8% ether extract, and 1.1% S. Dietary fat increased from 3.7% to 9.0%, whereas dietary S increased from 0.12% to 0.48%, as CDS increased (Table 1) .
Cattle were fed once daily at approximately 0800 h with a Roto-Mix model 420 (Roto-Mix, Dodge City, KS; 1 Supplement formulated to be fed at 5% of diet DM.
2 Soypass (lignosulfonate-treated soybean meal) was included in diets for d 1 to 40, replacing dry-rolled and high-moisture corn.
3 Premix contained 10% Mg, 6% Zn, 4.5% Fe, 2% Mn, 0.5% Cu, 0.3% I, 0.05% Co. 4 Premix contained 176 g of monensin/kg (Elanco Animal Health, Greenfield, IN).
5 Premix contained 1,500 IU of vitamin A/g, 3,000 IU of vitamin D/g, and 3.7 IU of vitamin E/g. 6 Premix contained 88 g of thiamine/kg.
7 Premix contained 88 g of tylosin/kg (Elanco Animal Health).
◊ 0.45-kg scale break) feed truck, and bunks were managed so only traces of feed remained at feeding time. Refused feed was removed from bunks as needed, weighed, and dried in a forced-air oven for 48 h at 60°C for DM determination. Samples of each feed ingredient were collected weekly and analyzed for DM. Weekly samples were composited by month for subsequent analysis. Ingredient CP (method 990.06; AOAC 1990) and S were analyzed using a combustion type N and S analyzer (TrueSpec N Determinator and TruSpec Sulfur Add-On Module; Leco Corporation, St. Joseph, MO). Ingredient ether extract was determined by a biphasic lipid extraction procedure as described by Bremer (2010) . Briefly, samples were heated in a 1:1 mixture of hexane and diethyl ether for 9 h, dilute HCl was added, and samples were centrifuged to separate the lipid layer from other liquid. Lipid layer was pipetted off, heated to drive off remaining solvent, and weighed. Steers were implanted on d 1 with Revalor-S (120 mg trenbolone acetate and 24 mg estradiol; Merck Animal Health) and treated with Phonectin pour-on (Teva Animal Health, St. Joseph, MO). Live pen weights were captured with a Norac pen scale, Model 2000 (Rice Lake Weighing, Rice Lake, WI) on the evening of d 132 to calculate actual dressing percent, and cattle were loaded and transported to a commercial abattoir (Greater Omaha Packing Co., Omaha, NE). All cattle were harvested on d 133 after overnight fast and water restriction. The HCW and liver scores were recorded on d 133, whereas LM area, 12th rib fat thickness, and marbling score were collected from camera measurements after a 48-h chill. A constant KPH of 2.5% was assumed and used in the yield grade (yG) calculation of Boggs and Merkel (1993) using the equation [YG = 2.50 + (6.35 × FT cm) -(2.06 × LM area cm 2 ) + (0.2 × KPH %) + (0.0017 × HCW kg)]. A common dressing percent (63%) was used to calculate final BW from HCW and for calculation of ADG and G:F. The energy value of diets was calculated utilizing pen performance data in the Galyean (2009) Net Energy Calculator. This utilizes initial BW, final BW, DMI, ADG, and target endpoint (assuming choice quality grade).
Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). The model included block and treatment with pen as the experimental unit. Fixed effects included treatment and BW block. Contrasts were used to test for linear and quadratic effects of CDS inclusion. Differences are discussed at P < 0.05 and tendencies discussed between P = 0.05 and 0.10. If the DMI, ADG, or G:F responses were quadratic, the second derivatives of the respective response equations were calculated to determine the solubles inclusion that provided the maximum response.
Experiment 2
Four-hundred crossbred steer calves (initial BW = 339 ± 15 kg) were utilized in a 180-d finishing trial using a randomized block design. Calves were received into feedlot pens and fed either RAMP (a completefeed starter ration consisting of Sweet Bran and a small portion of alfalfa hay; Cargill Corn Milling, Blair, NE) or a receiving diet of 35% alfalfa hay, 30% Sweet Bran, 30% DRC, and 5% supplement. Initial processing was similar to Exp. 1, with the addition of a fenbendazole drench (Safeguard; Merck Animal Health) for internal parasite control. Revaccination protocol was also similar to Exp. 1. Cattle were limit-fed, weighed, and assigned to pen in the same manner as in Exp. 1, but only 2 BW blocks were used. The light and heavy BW blocks consisted of 1 and 4 replications, respectively. Pens were assigned randomly to 1 of 8 treatments with 10 steers per pen and 5 pens per treatment.
A 2 × 4 factorial arrangement of treatments was used (Table 2) , with one factor being type of byproduct in the basal diet, either modified distillers grains plus solubles (MDGS; ADM, Columbus, NE) or a combination of modified distillers grains and wet corn gluten feed (Synergy; ADM, Columbus, NE) included at 20% of diet DM. The other factor was 4 inclusion levels of CDS (0%, 7%, 14%, or 21% of diet DM). All byproducts replaced a 1:1 blend of DRC and HMC. Cattle were adapted to final experimental diets over 21 d, as alfalfa hay was decreased from 37.5% to 0% and corn increased, whereas all other ingredients remained constant, similar to the step-up described in Exp. 1. Urea was included at 0.51% of diet DM for the 0% CDS with Synergy and at 0.19% for the 7% CDS with Synergy diets only. All finishing diets contained 6% wheat straw and 5% dry supplement, which was formulated to contain 33 mg monensin/kg of DM (Rumensin; Elanco Animal Health) as well as to provide 90 mg tylosin/steer daily (Tylan; Elanco Animal Health) and 130 mg thiamine/steer daily.
Feed bunks were managed and ingredient samples collected and analyzed as described in Exp. 1. The CDS (BioFuel Ethanol Energy Corp., Wood River, NE) used in this experiment contained 35% DM, 24.4% CP, 7.3% NDF, 18.5% fat, and 0.97% S; MDGS contained 60% DM, 27.9% CP, 34.7% NDF, 10.5% fat, and 0.80% S; and Synergy contained 53% DM, 25.0% CP, 38.1% NDF, 8.1% fat, and 0.78% S. Condensed distillers solubles were delivered to the feedlot throughout the study, and samples were collected from each load at delivery. Synergy and MDGS were sampled weekly.
Cattle were implanted on d 1 with Revalor-IS (80 mg trenbolone acetate and 16 mg estradiol; Merck Animal Health) and on d 83 with Revalor-S (120 mg trenbolone acetate and 24 mg estradiol; Merck Animal ◊ Health). Three steers died during the trial and were on the 21% CDS with 20% MDGS treatment, which had a dietary S content of 0.45%. Of the 3 steers, 1 was treated for polioencephalomalacia before euthanasia, 1 died of bloat, and 1 was euthanized and the necropsy revealed multiple infectious organ failure, presumably unrelated to treatment. All data are reported with deads removed. All cattle were harvested on d 181 at Greater Omaha Pack (Omaha, NE). Cattle were pen-weighed, shipped, and harvested, and carcass data were collected in the same manner as in Exp. 1. Both live and carcass-adjusted final BW are presented in tables, but only carcass-adjusted final BW will be discussed. Diet net energy values were calculated using the method of Galyean (2009) .
Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). The model included block, byproduct type, CDS level, and byproduct type × CDS level interaction. Polynomial contrasts were used to test the effect of CDS inclusion level within each byproduct type when an interaction occurred, or for the main effect of CDS when no interaction was observed. Pen was the experimental unit. Differences are discussed at P < 0.05, and tendencies discussed for 0.05 = P < 0.10.
ReSuLTS ANd diScuSSioN

Experiment 1
As CDS level increased, DMI decreased linearly (P < 0.01; Table 3 ). Decreasing DMI is likely due to increased dietary fat (Hatch et al., 1972) or S (Sarturi et al., 2013) or the subsequent increase in energy density of the diets as CDS increased. Also, although not directly addressed in the current study, inhibition of ruminal microbes by high dietary fat has also been proposed (Zinn, 1989b) . In previous work, intake has consistently decreased or remained unchanged as fat 2 Supplement formulated to be fed at 5% of diet DM.
3 Premix contained 10% Mg, 6% Zn, 4.5% Fe, 2% Mn, 0.5% Cu, 0.3% I, 0.05% Co.
4 Premix contained 198 g of monensin/kg (Elanco Animal Health, Greenfield, IN).
◊ supplementation increased, whether supplied by CDS or more traditional sources such as tallow or grease. Hatch et al. (1972) considered depressed DMI to be the most consistent effect of animal fat supplementation at 6% to 9% of diet DM. Rust et al. (1990) observed a 13.3% decrease in DMI when CDS containing 22.8% ether extract was fed at 20% of diet DM to finishing cattle. Trenkle (2002) observed a linear decrease in DMI when CDS was included at 0%, 4%, or 8% of diet DM, but, subsequently, Trenkle (2004) observed no further decrease in DMI to 12% CDS inclusion. When fat was supplied by yellow grease, tallow, or blended animal-vegetable fat, DMI either decreased (Zinn, 1994; Zinn and Shen, 1996) or was not changed (Zinn 1989a) . In contrast, a wet distillers grains plus solubles (WdGS) meta-analysis (Klopfenstein et al., 2008) found that DMI increased as inclusion of WDGS increased, up to 30% of diet DM. The increased intake despite increased dietary fat is likely due to a reduction in subacute acidosis due to the high NDF and low starch content of WDGS relative to corn. Decreased DMI has been noted as one of the first signs of excessive S content in high byproduct diets (Sarturi et al., 2013) , and dietary S of 0.48% S in the 36% CDS diet in this study may have been great enough to cause a decrease in DMI. However, no cattle in this study were observed with signs of polioencephalomalacia, and we cannot separate whether the decreased intake observed with increasing CDS is due to S content or simply due to increasing energy density of the diet.
Average daily gain increased quadratically (P = 0.01) due to increases observed from 0% to 18% CDS inclusion, and decreasing thereafter [y = -0.0004x 2 (± 0.0001) + 0.017x ( ± 0.005) + 1.56 ( ± 0.038)]. This, coupled with decreasing DMI, resulted in a quadratic increase (P = 0.02) in G:F as CDS inclusion increased (Table 3) [y = -0.00002x 2 ( ± 0.00001) + 0.0013x (± 0.0004) + 0.152 ( ± 0.003)]. Calculated maximum ADG using the first derivative of the quadratic response occurred at 20.8% inclusion of CDS. Calculated maximum G:F occurred at 32.5% CDS, at which cattle were 12% more efficient than those fed 0% CDS. Dietary NE values calculated retrospectively from performance were also determined for each level of CDS. Performancecalculated dietary NEm and NEg increased quadratically (P = 0.06 and P = 0.09, respectively; Table 3 ) as level of CDS increased, with the largest incremental improvement resulting from the addition of the first 9% CDS. These improvements in ADG and G:F from increasing CDS are greater than previously reported by Trenkle (2002 Trenkle ( , 2004 and suggest that much greater inclusions of CDS may be acceptable. These results are more characteristic of increasing WDGS inclusion (Klopfenstein et al., 2008) . It is interesting to note that G:F plateaus at the greatest inclusions of CDS, suggesting that perhaps even greater inclusions than what were evaluated in the current study may be feasible. However, the limiting factor to inclusions greater than 36% CDS would likely be challenges in the handling properties of the diet (physical form of ration as diet DM decreases and need ◊ for heated liquid handling capabilities in winter), as well as nutritional concerns from dietary fat, S, or both. Final BW (carcass adjusted) increased (P = 0.01) at a decreasing rate from 0% to 18% CDS inclusion and decreased thereafter. The HCW increased quadratically (P = 0.01) as CDS inclusion increased (Table 3) . Cattle fed 18% CDS had 15 kg more HCW than those fed 0% CDS, with all cattle fed CDS having greater HCW than the control group. Dressing percent increased linearly (P = 0.03) as CDS inclusion increased. No other differences were observed for LM area, 12th rib fat thickness, calculated YG, or marbling score, indicating that all cattle were harvested at a similar endpoint.
Experiment 2
A tendency for multiple byproduct × CDS level interactions were observed, so simple effects will be presented (Table 4) , while main effects will be discussed when appropriate. A tendency for a byproduct × CDS level interaction (P = 0.09) was observed for ADG. In diets based on MDGS, ADG increased quadratically (P < 0.01; Table 4), being maximized at 14% CDS and dropping off slightly at 21% CDS inclusion. However, in Synergy diets, ADG was not impacted (P = 0.17; Table 4), but was increasing numerically, with cattle fed 21% CDS having the numerically greatest ADG. Bremer (2010) also observed a drop in ADG, similar to the quadratic response in MDGS diets observed in the current study, when the greatest inclusion of WDGS was added to 35% WCGF. However, those inclusions (26.7% and 40% WDGS) were greater than the current study, which contained 20% MDGS, and the authors hypothesized that the decreased ADG was due to dietary S (up to 0.52%) in those diets.
No byproduct × CDS level interaction was observed for DMI (P = 0.15). For the main effect of CDS, DMI was greatest at 14% CDS and lowest at 21% CDS regardless of basal byproduct. Overall, cattle fed Synergy consumed more (P = 0.05) DM than those fed MDGS. The depression in DMI and ADG observed in steers consuming 21% CDS added to diets containing 20% MDGS may be due to high dietary fat level (8.8%) of those diets, similar to the decreased ADG observed with 36% CDS in Exp.1.
No byproduct × CDS level interaction (P = 0.67) was observed for G:F. Feed efficiency increased linearly (P ≤ 0.01) with increasing CDS inclusion, regardless of basal byproduct type, which were not different (P = 0.48). The positive effect of increased dietary fat on G:F has been well established (Zinn, 1989a; Brandt and Anderson, 1990; Ramirez and Zinn, 2000) . Results of the current study are in agreement with Lodge et al. (1997) , who observed improved G:F when fat (as CDS and tallow) was added to WCGF relative to WCGF alone. It is also interesting to note that CDS may be 2 P-value for interaction between CDS inclusion and basal diet (Int), main effect of basal byproduct fed, and linear/quadratic simple effects of increasing CDS inclusion within basal diet.
3 Basal diets containing either 20% MDGS or 20% Synergy. 4 Calculated from HCW, adjusted to a 63% common dressing percent.
5 NEm and NEg calculated using methodology by Galyean (2009) .
◊ especially useful as a fat source, as it does not appear to cause the depression in performance that has been observed in diets containing fat from corn oil added as an ingredient (Vander Pol et al., 2009; Bremer, 2010) . Consistent with G:F, performance-calculated dietary energy values displayed no byproduct × CDS level interaction (P = 0.80). As inclusion of CDS increased, regardless of byproduct type, both NEm and NEg increased linearly (P < 0.02; Tables 4). Basal byproduct type fed did not impact NEm or NEg (P > 0.21). A tendency for a byproduct × CDS level interaction (P < 0.08) was observed for both final BW and HCW. In diets based on MDGS, increasing level of CDS increased HCW and final BW calculated from HCW linearly (P = 0.01), and tended to increase quadratically (P = 0.10), but had no effect (P > 0.17) on HCW in Synergy-based diets (Table 5 ). Similar trends were observed for live final BW, which increased linearly (P = 0.03) and quadratically (P = 0.08) as CDS increased in MDGS diets, but was unaffected in Synergy-based diets (P > 0.37; Table 4 ). This is in agreement with Bremer (2010) , who found no differences in performance when up to 20% CDS was added to finishing diets containing 35% WCGF.
No byproduct × CDS level interactions (P > 0.46) were observed for carcass traits other than for HCW, which was previously discussed. Cattle became fatter as dietary fat increased due to increasing inclusion of CDS, as 12th rib fat thickness increased linearly (P = 0.05) and calculated yield grade tended to increase linearly (P = 0.10; Table 5 ). No differences (P > 0.29) due to CDS inclusion were observed for LM area or marbling score. No carcass characteristics were affected (P > 0.12) by basal byproduct type.
Condensed distillers solubles may be fed in finishing diets at greater than 10% inclusion while improving ADG and G:F. Inclusion of 27% CDS in DRC-and HMC-based diets appears to be optimal to maximize ADG and G:F. Slightly lower inclusions of 14% to 21% CDS may also be added to diets already containing 20% MDGS or Synergy, depending on fat and S content of the basal byproduct. Table 5 . Simple effects of inclusion of 0%, 7%, 14%, or 21% condensed distillers solubles (CDS) in diets containing 20% modified distillers grains plus solubles (MDGS) or 20% synergy on carcass characteristics in Exp. 1 Calculated from HCW, adjusted to a 63% common dressing percent. 2 P-value for interaction between CDS inclusion and basal diet (Int), main effect of basal byproduct fed, and linear/quadratic simple effects of increasing CDS inclusion within basal diet.
LiTeRATuRe ciTed
3 Basal diets containing either 20% MDGS or 20% synergy.
